Natriuretic peptides are endogenous antagonists of vasoconstrictor and salt-and waterretaining systems in the body's defence against blood pressure elevation and plasma volume expansion, through direct vasodilator, diuretic and natriuretic properties. In addition, natriuretic peptides may play a role in the modulation of the molecular mechanisms involved in metabolic regulation and cardiovascular remodelling. The metabolic syndrome is characterized by visceral obesity, hyperlipidaemia, vascular inflammation and hypertension, which are linked by peripheral insulin resistance. Increased visceral adiposity may contribute to the reduction in the circulating levels of natriuretic peptides. The dysregulation of neurohormonal systems, including the renin-angiotensin and the natriuretic peptide systems, may in turn contribute to the development of insulin resistance in dysmetabolic patients. In obese subjects with the metabolic syndrome, reduced levels of natriuretic peptides may be involved in the development of hypertension, vascular inflammation and cardiovascular remodelling, and this may predispose to the development of cardiovascular disease. The present review summarizes the regulation and function of the natriuretic peptide system in obese patients with the metabolic syndrome and the involvement of altered bioactive levels of natriuretic peptides in the pathophysiology of cardiovascular disease in patients with metabolic abnormalities.
INTRODUCTION
The MS (metabolic syndrome) represents a constellation of several established and emerging risk factors in which insulin resistance may be recognized as a common pathophysiological background [1] . A universal definition of the MS does not exist; however, the two most adopted definitions of the MS are those proposed by the WHO (World Health Organization) [2] and NCEP-ATP III (National Cholesterol Education Program Adult Treatment Panel III) [3] . The defining criteria are based on levels of waist circumference, serum triacyglycerols (triglycerides), blood HDL (high-density lipoprotein)-cholesterol levels, BP (blood pressure) and serum glucose.
It has been largely demonstrated that the MS has a negative impact on cardiovascular prognosis, being associated with the development of overt diabetes, established hypertension, and cardiovascular and cerebrovascular disease, including CAD (coronary artery disease), heart failure and stroke [2, 3] . The key components of the MS are abdominal obesity, atherogenic dyslipidaemia, elevated BP, glucose intolerance, and pro-inflammatory and prothrombotic states [1, 4] . Increased visceral adiposity is becoming a major global health problem in industrialized countries, as well as developing countries, and it is closely associated with the MS, hypertension and increased cardiovascular risk. Increased abdominal adiposity appears to play a relevant role in metabolic (for example, the MS and diabetes mellitus) and cardiovascular (for example, CAD and stroke) complications, even in moderately overweight subjects [5, 6] . It has been recognized that visceral adipose tissue is not simply a fat depot, being a highly metabolically active organ which may produce several active cytokines (adipokines) that may induce metabolic and pro-inflammatory actions, as well as predisposing to the development of insulin resistance. Insulin resistance is a major pathophysiological link between visceral adiposity and metabolic and cardiovascular complications [1] .
The dysregulation of neurohormonal systems, including the RAAS (renin-angiotensin-aldosterone system) and NP (natriuretic peptide) system, may increase visceral fat mass, as well as contribute to the development of insulin resistance in dysmetabolic patients. In normal subjects, NPs may affect the homoeostasis of glucose and lipid metabolism, partly through the reduction in adipogenesis, as well as the increased release and more efficient consumption of NEFAs (non-esterified fatty acids) by peripheral tissues. Furthermore, evidence from experimental and clinical studies have shown that NP levels are not simply markers of cardiovascular pathology; rather they are directly involved in the pathophysiology of cardiovascular diseases, particularly in dysmetabolic patients [7] . Indeed, NPs exert relevant cardioprotective functions, being involved in cardiovascular homoeostasis through the regulation of body fluid and BP by promoting natriuresis, as well as by modulating vascular inflammation and cardiovascular remodelling.
It has been shown that NPs are abnormally regulated in obesity and the MS [8] . In particular, in obese subjects, NP levels are reduced, and this may contribute to the genesis of insulin resistance, and to the pathophysiology of hypertension and its complications in subjects with the MS [9, 10] . Low levels of NPs may also predispose to pro-inflammatory and profibrotic states in the heart and vasculature, thus contributing to the pathophysiology of cardiovascular remodelling and cardiac hypertrophy. Those conditions frequently occur in patients with the MS and correlate with increased cardiovascular risk. In the present review, we summarize the mechanisms of NP system dysfunction in patients with the MS, as well as the possible involvement of the altered regulation of NPs in the development of cardiovascular damage in dysmetabolic subjects.
FUNCTION OF NPs AND METABOLIC ALTERATIONS
The NP family consists of three peptides: ANP (atrial NP), BNP (brain NP) and CNP (C-type NP), which have structural and physiological similarities. Studies in animals and humans have confirmed the importance of these peptides as endogenous antagonists of vasoconstrictor and salt-and water-retaining systems [such as the RAAS, ETs (endothelins) and vasopressin], and in the body's defence against BP elevation and plasma volume expansion, through direct vasodilator, diuretic and natriuretic properties. NPs may also modulate vascular inflammation, cell growth and cardiovascular remodelling [11] . Furthermore, NPs may participate in the modulation of the molecular mechanisms involved in metabolic regulation. In particular, NPs are involved in the homoeostasis of plasma lipids and adipose tissue formation.
NPs bind to high-affinity receptors (NPR-A, NPR-B and NPR-C) on the surface of target cells [12] . NPR-A and -B are structurally similar, are linked to the production of cGMP, and mediate many of the cardiovascular and renal effects of NPs. NPR-A binds both ANP and BNP, with the highest affinity being for ANP. On the other hand, CNP appears to be the natural ligand for NPR-B. NPR-C has sequence homology with the other two receptors, but lacks the intracellular catalytic domains of guanylate cyclase. All three NPs bind to this receptor with similar affinity. NPR-C is widely expressed in a variety of tissues, including adipose tissue. Although it has been reported that this receptor induces a G-protein-linked cAMP activation [13] and, thus is involved in the cellular mechanisms of the antigrowth properties of NPs, it is generally accepted that NPR-C plays a major role in the local modulation of the physiological effects of NPs, by modulating the final ANP and BNP binding to NPR-A and by acting as the clearance receptor of NPs [14] . Both ANP and BNP are rapidly removed from the circulation by this receptor [15] . Lungs, liver and kidney, as well as adipose tissue, are important sites for the elimination of endogenous NPs. Circulating NPs are also inactivated by cleavage through NEPs (neutral endopeptidases) within renal tubular and vascular cells.
NPs, through the activation of the biologically active membrane guanylate-cyclase-linked NPR-A, induce a potent lipolytic effect in vitro and in vivo in human adipocytes via a cGMP-dependent mechanism [16] and the activation of hormone-sensitive lipase [17] . This lipolytic effect is independent of the fat cell adrenergic and insulin pathways [18] , and is enhanced by hypocaloric diets and weight loss [19] . The NP lipolytic pathway is involved in the lipid mobilization observed during physical activity [20] , which is recognized as one of the main nonpharmacological approaches to improve insulin resistance and prevent obesity, diabetes and cardiovascular disease. During physiological increases in plasma ANP levels, enhanced lipid mobilization is associated with an increase in lipid utilization by peripheral tissues [17] . It is well established that during exercise NEFA production and consumption is enhanced in the heart and skeletal muscle. During physical activity, the heart derives energy for myocardial contraction mainly by the oxidation of fatty acids in mitochondria [21] , whose biogenesis requires cGMP as a key mediator [22] . In this regard, NPs may promote oxidative metabolism in the heart, as well as in the skeletal muscle, by increasing NEFA release and possibly cGMP-dependent mitochondrial activation. Under these conditions, increased NEFA consumption may counterbalance the negative effects associated with the high plasma NEFA levels that are associated with insulin resistance, metabolic cardiovascular complications [1] and mortality [23] . Conversely, decreased NP signalling may promote lipid accumulation in adipose tissue and skeletal muscle, and may reduce the peripheral NEFA utilization. This may contribute to the development of visceral adiposity, which is associated with dyslipidaemia and insulin resistance [24] (Figure 1 ). Increased visceral fat depots are associated with the release of proinflammatory mediators [such as interleukins and TNF-α (tumour necrosis factor-α)] and with reduced levels of the anti-inflammatory cytokine adiponectin. This can contribute to impaired hepatic lipoprotein metabolism [25] , and may lead to the production of the highly atherogenic small-dense LDL (low-density lipoprotein) particles, which are key features of visceral obesity and are closely related with insulin resistance [25] . Moreover, obesity and the MS are associated with decreased HDL levels and the increased production of small-dense HDL particles, which may act as pro-inflammatory and pro-atherogenic agents [26] , as well as enhancing cardiovascular risk.
NPs may also exert an inhibitory role on adipose tissue formation by modulating adipogenesis. Indeed, it has been reported that ANP inhibits the proliferation and differentiation of human visceral pre-adipocytes in adipocytes [27] . Hence NPs may act as protective factors towards the development of obesity and its metabolic complications.
On the other hand, obesity may decrease the bioactive levels of NPs via the increased expression of the clearance receptor NPR-C in adipose tissue. This may potentiate adipogenesis and lipid accumulation in obese patients. Animal and human adipose tissues express both NPR-A and the clearance receptor NPR-C [28] (Figure 1 ). The ratio between NPR-A and NPR-C expression, however, is reduced in adipose tissue of obese hypertensive patients [29] , suggesting increased clearance of NPs in those patients. Interestingly, after the kidney, which is the principal clearance organ for NPs, adipose tissue has the greatest expression of NPR-C [28] . Fasting downregulates NPR-C expression in adipose tissue [30] . Moreover, in obese hypertensive patients exposed to a hypocaloric diet, ANP infusion induced natriuresis and a decrease in BP, as well as a significant increase in cGMP [31] . These findings support the hypothesis that the reduced NP levels observed in obese subjects and in patients with the MS are, in part, explained by the increased clearance of NPs in adipose tissue. In this regard, an inverse association between plasma NP levels and obesity has been described in the Framingham Heart Study [9] and other cohorts [32, 33] . Previous reports have confirmed and extended this finding showing that low NP levels are associated with the MS and its individual components (waist circumference, fasting glucose, HDL-cholesterol and triacylglycerols), as well as with insulin resistance, even after adjustment for BMI (body mass index) [34] . In particular, it has been reported that an inverse association between NT-proBNP (N-terminal pro-BNP) levels and the MS is attributable to an inverse relationship between NT-proBNP and plasma lipids, serum insulin and BMI, independently of age and gender [35] . The reason underlying the reduction in NP levels in obesity and the MS has been attributed, at least in part, to increased clearance in adipose tissue, as mentioned above, although the importance of the NPR-C for clearance of NT-proBNP remains undefined [36] .
It is not established whether low NP levels precede or follow the development of metabolic abnormalities. Nevertheless, several studies suggest that low NP levels could predispose to insulin resistance. This may occur mainly through activation of the RAAS [37] , which promotes insulin resistance via multiple mechanisms in large part related to AT 1 [AngII (angiotensin II) type 1] receptor stimulation. These mechanisms include inhibition of intracellular insulin signalling [38] , enhanced oxidative stress [39] , inflammation [40] , reduced adipocyte differentiation [41] , and decreased perfusion to the skeletal muscle and pancreas [42, 43] . Furthermore, a direct influence of NPs on glucose metabolism has been reported [44, 45] . Indeed, ANP infusion elevates plasma insulin levels [44] and inhibits glucagon secretion through a direct effect on pancreatic islets [45] . A direct anti-inflammatory effect of NPs has also been described [46] [47] [48] . This occurs through the reduction in inflammatory mediators such as TNF-α [46] , COX-2 (cyclo-oxygenase-2) [47] and MCP-1 (monocyte chemoattractant protein-1) [48] (Figure 1 ). Moreover ANP directly stimulates the secretion of adiponectin [49] , an adipocyte-specific anti-inflammatory hormone with insulin-sensitizing properties, and low levels of BNP are associated with low levels of adiponectin [50] . Finally, cGMP, the second messenger for NPs, plays a role in insulin-stimulated glucose transport [51] . Hence, under normal conditions, NPs may regulate adipose tissue formation and lipid utilization. On the other hand, in obese subjects, a dysregulation of the NP system has been described. Increased visceral adipose mass may reduce NP bioactive levels. This, in turn, may contribute to the maintenance of obesity and the development of insulin resistance, which are associated with a higher susceptibility of developing cardiovascular damage in patients with metabolic alterations.
CARDIOVASCULAR DAMAGE IN DYSMETABOLIC PATIENTS: POSSIBLE INVOLVEMENT OF NPs
The MS is associated with a global pro-inflammatory state in the cardiovascular system, as well as with impaired renal function and microalbuminuria, which can predispose to the development of cardiovascular and cerebrovascular disease, as well as to increased cardiovascular mortality.
Obesity and the MS are characterized by low circulating levels of NPs, as discussed above. Lower bioactive NP levels may contribute to the susceptibility of individuals with obesity and the MS in developing hypertension, vascular remodelling and inflammation, LVH [LV (left ventricular) hypertrophy] and dysfunction, as well as cardiovascular events. Indeed, NPs, within physiological levels, may play an important role in the counter-regulatory response to volume and pressure overload [52] , as well as in preserving endothelial function and reducing inflammation and fibrosis in the cardiovascular system.
As elevation of BP is a key feature of cardiovascular damage in dysmetabolic conditions, such as obesity and the MS or diabetes, relationships between NPs and BP regulation require some discussion.
The well-known actions of ANP on salt and water balance and on BP homoeostasis have stimulated a large number of studies regarding its pathophysiological involvement in hypertension. Administration of ANP decreases BP levels in animal models and humans. Molecular genetic studies in animal models suggest a contribution of NPs to the development of hypertension, with the overexpression of ANP and BNP in transgenic mice reducing BP [53, 54] . Inactivation of the ANP gene in mice is associated with the development of salt-sensitive hypertension and significant cardiac enlargement [55] , and knockout of the NPR-A gene causes hypertension, although not a salt-sensitive type [56] .
In fact, the ANP gene may act as a direct regulator of BP or as a contributory factor in certain forms of hypertension either by a deficiency in the peptide or by impaired biological function, which is dependent upon structural alterations of the gene. The increased frequency of hypertension in carriers of molecular variants of the ANP gene [57] supports the concept of a critical biological function of ANP in BP regulation. In particular, a contribution of an ANP gene variant to an increased predisposition to the early development of hypertension and its complications has been reported in a cohort of Caucasian subjects followed-up for 28 years [57] .
Further evidence links NPs to BP control. For instance, NPs induce direct vasorelaxant actions through the activation of PKG (protein kinase G)-mediated ion channels in vascular smooth muscle cells, which induces membrane hyperpolarization [58] . In addition, the cGMPdependent activation of PKG decreases cytosolic free Ca 2+ concentrations [59] by reducing Ca 2+ release from intracellular stores, Ca 2+ entry into the cell and increasing Ca 2+ removal from the cytosol [60] . Furthermore, NPs might induce vasorelaxation through the activation of cGMP-regulated phosphodiesterases [61] . In particular, the activation of phosphodiesterase II results in the decrease in intracellular cAMP concentrations and an impairment of cAMP-mediated responses [62] .
In addition, CNP may regulate BP by inducing a potent endothelium-independent vasodilatory effect on small resistance arteries via the activation of NPR-C and the opening of a G-protein-gated inwardly rectifying K + channels [63] .
Finally, NPs inhibit renin, vasopressin and aldosterone release, and, in humans, high plasma ANP levels decrease heart rate, central venous pressure and stroke volume [64] . This is also related to interactions between ANP and the baroreflex control of the circulation by modulating arterial and cardiopulmonary baroreceptor-mediated vascular responses [65, 66] . ANP reduces sympathetic tone in the peripheral vasculature, probably by dampening baroreceptors, suppressing of the release of catecholamines from autonomic nerve endings and suppressing sympathetic outflow from the central nervous system [67] [68] [69] .
In obese subjects with the MS, the levels of NPs are inappropriately low [9] , and their release in response to volume loading is impaired [10] . Therefore obese subjects with the MS have a dysfunction in the NPs system and, thus, they may lack the protective effects of NPs on vessel structure and function, salt and water homoeostasis, and BP control. This may contribute to haemodynamic alterations and the development of hypertension in subjects with the MS or obesity who have increased plasma and stroke volumes, as well as increased cardiac output with inappropriately normal or slightly elevated vascular peripheral resistance. The reduced levels of NPs in subjects with the MS may also unmask the increased sympathetic nervous system activity present in obese patients with the MS [70, 71] . Previous studies have shown the existence of a complex interplay among visceral adipocytes, the sympathetic nervous system and the RAAS. The increase in sympathetic nervous system activity in patients with the MS and/or obesity may participate in the dysregulation of the RAAS by enhancing the secretion of renin from the kidney and stimulating angiotensinogen expression in human adipocytes via cAMP-dependent mechanisms [72] . This, in turn, can contribute to the development and maintenance of hypertension in obese dysmetabolic patients.
Visceral adiposity and NPs are inversely related and may participate in the development of vascular inflammation. NPs may modulate cell growth and inflammation within the heart and the vascular wall in disorders such as atherosclerosis, hypertension and post-angioplasty restenosis, thus contributing to the modulation of cardiovascular remodelling [73] . NPs exert antimitogenic activity on both the cardiovascular and other organ systems, and exert antiproliferative effects on vascular cells [74] [75] [76] , mainly through a cGMP-dependent mechanism. NPs also exert several anti-inflammatory and antifibrotic effects. ANP directly inhibits the actions of COX-2 [47] and iNOS (inducible NO synthase) [77] , reduces the production of macrophage-derived TNF-α [46] and interferes with the TNF-α-induced activation of the pro-inflammatory nuclear factor NF-κB (nuclear factor κB) [78] . ANP blocks TGF-β (transforming growth factor-β)-induced fibroblast differentiation, proliferation and collagen synthesis in murine hearts [79] . Moreover, BNP inhibits the profibrotic actions of TGF-β, and CNP reduces the proliferation of cardiac fibroblasts and decreases the collagen deposition in the heart [80] .
Visceral adipose tissue produces large amounts of ROS (reactive oxygen species) and pro-inflammatory cytokines [81] [for example, IL-6 (interleukin-6), which induces CRP (C-reactive protein) secretion] [25] . Visceral adipose tissue is infiltrated by macrophages, which are also stimulated to produce inflammatory mediators such as TNF-α. Moreover, circulating adiponectin levels are decreased in obese subjects. This has been associated with the progression of atherosclerotic lesions [82] in dysmetabolic subjects.
Therefore, in metabolic patients, increased visceral adipose tissue, along with the reduced levels of NPs, may contribute to the development of a peripheral pro-inflammatory state, which may play an important role in the development of atherosclerosis in patients with the MS.
Endothelial dysfunction is present in patients with the MS and is a predictor of cardiovascular morbidity and mortality [1, 2] . Low levels of NPs in dysmetabolic patients may contribute to the development of endothelial dysfunction. Indeed, ANP contributes to endothelial function in the general population, as it correlates with brachial artery endothelial function [83] . At low concentrations, ANP increased human endothelial cell number and migration [84] . This effect is mediated by cGMP-dependent MAPK (mitogen-activated protein kinase) activation and appears particularly effective in the regeneration of endothelial cells after injury in atherosclerosis [84] . In addition, BNP-mediated vasorelaxation is endothelium-independent and may be impaired in experimental atherosclerosis [76] . In the rabbit, longterm oral inhibition of NEP preserves relaxation to BNP in atherosclerosis, while attenuating atheroma formation and maintaining endothelial function, independent of decreases in serum cholesterol.
NPs induce vasorelaxant effects in the coronary circulation [85] . In particular, experimental studies have shown that the vasodilator actions of ANP are especially relevant in epicardial coronary arteries [86] . Similar effects have been reported for BNP in humans [87] , and for CNP in porcine and human coronary arteries [88, 89] . Moreover, ANP and BNP increase rapidly after myocardial infarction [90] , and the rapid release of NPs following infarction has been suggested to provide a protective action on the ischaemic myocardium [61] . BNP significantly reduces infarct size in a concentrationdependent manner, possibly through the activation of NO-dependent soluble guanylate cyclase. [91] . Moreover, ANP infusion immediately after coronary angioplasty in patients with acute myocardial infarction has been able to prevent LV dilation and remodelling more efficiently than isosorbide dinitrate [86] . On the other hand, in patients with CAD, low levels of NT-proBNP are inversely correlated with BMI, with the NTproBNP levels not elevated in patients with CAD and high BMI [92] . Thus low NP levels may contribute to the pro-inflammatory state, as well as to the endothelial dysfunction and reduced coronary reserve in obese patients with the MS. This may predispose to the development of atherosclerosis and CAD in dysmetabolic patients.
BNP has been investigated extensively as a marker of LV dysfunction and as a prognostic factor in patients affected by congestive heart failure [93] . Increased ANP plasma levels have been proposed as a marker of LVH [94] ; however, further studies have shown that ANP may directly modulate cardiac mass by inhibiting a variety of hypertrophic cellular signalling pathways through NPR-A stimulation. In vitro, ANP induced MAPKP-1 (MAPK phosphatase-1) [95] , a dual serine/threonine and tyrosine phosphatase that selectively inactivates MAPK family members, which are involved in hypertrophy and cell proliferation. ANP inhibits the noradrenaline (norepinephrine)-induced growth of cardiomyocytes through a cGMP-mediated inhibition of Ca 2+ influx [96] , and inhibits the production of NADPH-oxidasemediated ROS, which are the key mediators of cell growth and inflammation in cardiovascular remodelling [97] . Furthermore, a ANP gene promoter variant, which was associated with reduced circulating NT-proANP (N-terminal proANP) levels, correlated with increased cardiac mass, independently of all anthropometric and clinical parameters, and pharmacological treatments [98] .
We have reported previously that low circulating ANP levels were significantly inversely related to cardiac mass in hypertensive patients with the MS [99] . Thus the ANP/NPR-A system may offer a novel countervailing mechanism towards the hypertrophic growth response in the heart [100] . Nonetheless, low ANP levels may predispose, at least in part, to the development of fibrosis and cardiovascular remodelling.
The development of LVH, which is an independent predictor of adverse cardiovascular events, is enhanced in hypertensive patients with the MS, being related to both high BP and central obesity [101] [102] [103] . Several metabolic and hormonal factors (including dyslipidaemia, insulin resistance, AngII and leptin) may contribute to the structural and functional alterations of the LV wall in hypertensive patients with the MS [104] . Experimental and clinical studies have described a direct contributory effect of ANP to cardiac remodelling particularly in hypertensive subjects with MS, being LVH favoured by low levels of this antihypertrophic hormone [98, 105] . In patients with the MS, it has been reported that low ANP levels are inversely related to LV mass independently by all of the known components of the MS [99] . This supports the hypothesis that dysregulation of NPs is involved in the pathogenesis of LVH in patients with the MS, underlying the protective role of NPs in cardiovascular remodelling and possibly in the prevention of myocardial dysfunction in metabolic subjects.
CONCLUSIONS
Several lines of evidence have shown that NPs may positively modulate lipid metabolism and insulin sensitivity, in part by preventing lipid accumulation in adipose tissue. Moreover, NPs have emerged as critical factors for the regulation of cardiovascular function through diuretic, natriuretic and vasorelaxant effects, as well as antiproliferative and anti-inflammatory actions. Plasma levels of NPs are inversely related to the increase in visceral adipose mass which is one of the key features of the MS. A defective NP system (mainly due to the reduced plasma levels of bioactive NPs in metabolic patients) may in turn contribute to increased visceral fat accumulation. Furthermore, an altered regulation of the production, clearance and function of NPs may possibly contribute to the development of hypertension, cardiovascular remodelling, atherosclerosis and CAD in patients with obesity and the MS.
In this regard, the availability of drugs that promote the actions of NPs, such as the orally active antagonists of NP breakdown by NEP, may theoretically represent an attractive therapeutic option for patients with the MS and cardiovascular disease. Research in this field has led to the development of dual inhibitors of NEP and ACE (angiotensin-converting enzyme) (the vasopeptidase inhibitors) [106] . By simultaneously inhibiting the RAAS and potentiating the action of NPs and the kinin system, vasopeptidase inhibitors reduce vasoconstriction, enhance vasodilation and improve local blood flow. Within the blood vessel wall, this leads to a reduction in vasoconstrictor and proliferative mediators, such as AngII, and increased local levels of bradykinin and, in turn, NO and NPs. Vasopeptidase inhibitors have provided encouraging results on BP control and in reducing pulse pressure and aortic stiffness in different subsets of hypertensive patients [107] , and in improved cardiac function and lower mortality/morbidity and prevalence of renal dysfunction compared with patients treated with an ACEI (ACE inhibitor) [108] . However, the introduction of vasopeptidase inhibitors in clinical practice is still limited due to the greater rates of angioedema, particularly in black subjects, which may be related to higher levels of bradykinin and a higher risk in susceptible individuals. Furthermore, addition of NEP inhibition to ACE inhibition reduces Ang-(1-7) (angiotensin 1-7) levels and may increase ET levels, which may counteract the benefits of ACE inhibition [109] .
In addition, human recombinant NPs have been tested with evidence of favourable effects on the modulation of fluid and electrolyte balance, vascular smooth muscle tone, and the regulation of coronary blood flow, myocardial perfusion and proliferative responses during myocardial and vascular remodelling [110] . Further clinical studies are necessary to evaluate risks and benefits of the clinical use of these novel pharmaceutical agents for the prevention and treatment of cardiovascular disease, particularly in dysmetabolic patients.
